The main challenge for the European seafood industry is to ensure sustainable production volume while adapting to climate warming. Marine fisheries mainly target 41 species which account for 80% of the seafood production in Europe. The remaining 20% comes from marine and freshwater aquaculture, which harvest mainly 5 and 11 species, respectively. European seafood production volume (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) recorded by FAO was combined with indices of temperature sensitivity and biological sensitivity (BS) based on the life histories of the main exploited species. We found that the marine sectors are more vulnerable to global warming than the freshwater sector. The vulnerability to warming of a country's production is defined by the temperature sensitivity and the BS of the main exploited seafood species, weighted by their production volume. Production vulnerability in the marine sector increases with latitude due to the temperature sensitivity of the harvested species and their high production volume. No such gradient is found in the freshwater sector because most of the production is based on two species with opposite temperature sensitivity. To ensure a sustainable European seafood production, national climate strategies and action plans should include both fisheries and aquaculture and be integrated at a regional level.
Introduction
Climate warming is currently one of the main long-term drivers of economic, social and environmental change (Delworth et al., 2016; Williams et al., 2016; Weatherdon et al., 2016) . Recent climate projections indicate that warming will affect economies relying on the production of seafood exploiting marine and freshwater ecosystems (Hollowed et al., 2013 and references therein, Barange et al., 2014; Breitburg et al., 2018) . The word 'seafood' in this context encompasses farmed and captured fish, shellfish and seaweed products from marine and freshwater ecosystems that directly or indirectly (as feed) are meant for human consumption (EU-2020 project ClimeFish Description of Actions www.climefish.eu). Although many physical and biological factors affect aquatic species, warming of the environment is often considered as the main driving force of changes in their distribution and life history characteristics (Lenoir et al., 2008; Waples and Audzijonyte, 2016; Pecl et al., 2017) through changes in habitats (Cochrane et al., 2009; Cheung et al., 2012 Cheung et al., , 2013 Mazziotta et al., 2016; Waples and Audzijonyte, 2016; ICES, 2016) . Marine life is sensitive to temperature changes (Poloczanska et al., 2016) and most species perform poorly outside their optimal temperature range (Angilletta et al., 2004; Peck et al., 2004; Hiddink et al., 2015) . Deviations from this range affect growth rate, harvest or catch size and cause stock displacement of commercial species (Cochrane et al., 2009; Rose, 2005; ICES, 2016) . According to recent reviews (Cheung et al., 2011 (Cheung et al., , 2012 Heath et al., 2012; Hobday et al., 2018) , marine aquaculture will also be affected by ocean warming: for instance, shell-borne organisms that represent over half of the European marine aquaculture production (FAO, 2016) . The aquaculture sector is not limited to the marine environment and a large part of the world's aquatic food production results from culture in freshwater systems, such as lakes and ponds. Warming in these freshwater systems will affect access to water that is the main constraint on these land-based production systems. Thus, warmer temperatures will also affect the economy of landlocked countries (Poff et al., 2002; Ormerod et al., 2010) . In Europe, temperatures on land and in water have been increasing over the past 25 years, particularly in the northeast Atlantic where changes have been up to six times larger than the global average (Heath et al., 2012; Cheung et al., 2012) . The warming occurring in this region will undeniably have far-reaching impacts on the future prospects for fisheries and aquaculture in Europe (Heath et al., 2012; Cheung et al.,2012) . We expect that European seafood production will experience changes related to the temperature affinity and the volume of the species produced. With an increasing demand for seafood products worldwide (Barange et al., 2014; FAO, 2016) , efforts to identify the direct effects of warming should be implemented in Europe. The combined European Union (EU) and European Economic Area (EEA) seafood production volume is ranked third in the world (FAO, 2016) with marine fisheries accounting for 80% of the total. Europe has the largest trade of aquatic food in the world amounting 49.3 billion EUR in 2015 and European consumers are now spending more than ever on seafood products (EUMOFA, 2016) . European seafood production has been constantly increasing, particularly in the aquaculture sector during the past 50 years (FAO, 2016) but the direct effects of warming on the production volume are largely uncertain. By 2030 the European aquaculture industry is expected to provide 4.5 million tons of food worth 14.0 billion EUR and more than 150,000 jobs (EUMOFA, 2016) . This implies environmental, economic and social challenges for the European seafood production across the three sectors: marine fisheries, marine aquaculture and freshwater production. Global indicators of vulnerability usually place European countries among the least at risk compared to other fishing nations (Allison et al.,2009; Blasiak et al., 2017) . This is mainly due to wellperforming socioeconomic indicators and lower rates of fishing dependency among European economies. However, the impacts of climate change on seafood production vary greatly within Europe (Allison et al., 2009; Blasiak et al., 2017) . Comparisons between European seafood-producing nations are seldom undertaken, which might place some nations at higher risk due to lack of disaggregation of the European Region. In order to improve the sustainability of the European seafood production, it is necessary to identify the potential challenges and opportunities caused by climate change for each of the producing nations within the three production sectors. A vulnerability assessment at regional and sectorial level is recommended in this context (Paukert et al., 2017) . We explore and discuss the vulnerability of seafood production volume to climate warming within three production sectors in each European country, by combining information on the seafood's affinity to temperature, its life history characteristics, and production volumes of the main species. Furthermore, we wish to kindle a discussion on this approach and suggest how Europe may better prepare itself for climate related challenges in its seafood industry.
Concepts and methods

Vulnerability to warming
The vulnerability of seafood production volume in Europe was reviewed by sector and by each country. Seafood production was divided into three sectors; marine fisheries, marine aquaculture (including brackish water) and freshwater production (including both wild capture and aquaculture). Each sector is influenced by different climatic processes, contributes differently to the total European production and is under a variety of management regimes. Marine fisheries are typically affected by large scale oceanic processes, while marine aquaculture and freshwater systems are more affected by local processes such as precipitation and topography (Brander, 2007) . A broadly recognised method of defining and measuring vulnerability of a productive system to climate change, is to define its exposure, its sensitivity, and its adaptive capacity. A function of these components will measure the extent of damage that a system will experience due to climate change, according to the framework used by the Intergovernmental Panel on Climate Change (IPCC) and described by Allison et al. (2005) . In this context, exposure was defined as warming of the harvested organisms' ambient water (Allison et al., 2009; Blasiak et al., 2017) . Sensitivity of the seafood production volume was defined based on two metrics characterising the harvested species: an index of their biological sensitivity (BS) and the maximum temperature (Tmax), that they are currently experiencing. The BS was extracted from FishBase (Froese and Pauly, 2018) and SealifeBase (Palomares and Pauly, 2018) following Cheung et al. (2005) . This index is a combination of ecological and life history traits that influences a species' sensitivity to removal (Cheung et al., 2005) . Although these traits are traditionally used when evaluating the intrinsic sensitivity of a species to fisheries, they also provide relevant information for aquaculture species, since their life history traits directly influence production. Each species' temperature preference is based on its modelled distribution from Cheung et al., (2013) . This temperature preference encompasses the temperature spread under which each commercial species is functional and profitably exploited by fisheries (for details, see Cheung et al., 2013) . Tmax is defined as the 75th percentile of this temperature preference. The adaptive capacity of the seafood production of each country or sector was defined as a combination of the number of main species exploited and the temperature range of each species. Species with a wide thermic range are able to withstand a wider variety of temperatures and are therefore potentially more adaptable to warming (Lloret et al., 2016) . The higher this number of species, the better the potential adaptive capacity of a sector or country; this helps ensure economic diversification by providing the ability to shift from one species to another according to relative abundance (Hilborn et al., 2001; Cai et al., 2016; Lloret et al., 2016) . Each species' temperature range was defined as the interquartile temperature range of its distribution. For species not included in Cheung et al. (2013) the temperature range was extracted from the online databases FishBase, SealifeBase or peer-reviewed papers (See Table S1 for details). Tmax is combined with the temperature range of each species, both weighted by their production volume, using principal component analysis (PCA). We use values from the first PCA axis (which summarises most of the exhibited variance) to obtain an index of temperature sensitivity. Thus, the vulnerability of seafood production volume of each country and sector can be evaluated based on temperature sensitivity and BS.
Production data
To explore the vulnerability to warming of each country by sector, we weighted the indices presented above by the production volume by sector and country. Data was extracted from the FAO database using the custom-made interface FishStatJ (http://www.fao.org/fishery/statistics/software/fishstatj/en). Similarly, the vulnerability to warming of the European production volume by sector was explored by weighing these indices by each species' production volume. We defined Europe as EU-28, EAA (Iceland, Norway, Lichtenstein), Turkey and the Faroe Islands. Data from the Channel Islands, the Isle of Man and Gibraltar were integrated in the UK production; data from Monaco was integrated in the French production and data from San Marino was integrated in the Italian production. Production volume values were averaged over an 11-year period (2004-2014) in order to smooth out the yearly variations and cope with the poor quality of data for some countries in certain years (Table 1) . Species representing 90% of the production volume for each country were included in the calculations (Table 1 and S1). In some cases, several species were pooled together by FAO, thus representing a large production volume. These groups of species are included in Table S1 but not in the calculations presented in the main text. However, if one species was dominant in a group, we assigned the characteristics of that species to the group. A species production volume is only recorded by FAO if it is greater than 0.5 t; therefore, production volumes below 0.5 t are recorded as 0 in Table  S1 . Species with a low production volume appear in Table S1 but were not included in the calculations. (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) within three production sectors for each European country. Each country's weighted average maximum temperature (wTmax), biological sensitivity (wBS) and temperature range (wRange) is based on the species representing 90% of the country's production. A null production means no production, no data or a production volume below 0.5t.
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Results and dicussion
Marine fisheries
Marine fisheries contribute 80% of the European seafood production volume. This sector exploits a wide range of taxa with 30 fish species, eight crustacean species and three seaweed species representing 90% of the production volume (Table S1 ). Most of these species have low Tmax and narrow temperature range, which makes them sensitive to warming ( Fig. 1 ) and prone to climate-driven distributional shifts (Perry et al.,2005; ICES, 2016) . BS varies greatly, being low for crustaceans and high for long-lived, large fish such as Atlantic cod (Gadus morhua) (Fig. 1) . Species landed in the greatest volume are pelagic fish with a low to moderate BS: Atlantic herring (Clupea harengus), blue whiting (Micromesistius poutassou), Atlantic mackerel (Scomber scombrus), European sprat (Sprattus sprattus) and capelin (Mallotus villosus) (Fig. 1 ). The species with the highest BS (> 0.5) represent less than 20% of the total production volume but have the highest economic value (eg. Atlantic cod, redfish and European hake (Merluccius merluccius)) (EUFOMA, 2016) . In recent years a northwards expansion of the distributional range of several fish species has been driven by warming, sometimes also including a contraction of their southern distributional range (Perry et al., 2005; Fossheim et al., 2015; ICES, 2016) . The change in distribution of stocks leads in turn to shifts in local fisheries (Barange et al., 2014; Bonanomi et al., 2015; Pecl et al., 2017) . Countries in the southern part of the distributional range of a species may lose access to the resource while countries in the northern part might benefit from a northward shift of its distributional range. For example, the Atlantic mackerel has expanded its distribution northwards due both to increasing stock size and warmer sea temperatures. It has become a regular in the waters of Iceland and the Faroe Islands since 2007 and now supports a profitable fishery, which has led to conflicts with the European Union and Norway regarding fishing quotas (Astthorsson et al., 2012; Spijkers and Boonstra, 2017) . International cooperation is essential in order to prepare ocean governance for shifting distributional ranges of commercial species and potentially reduced landings for some countries (Blasiak et al., 2017; Pinsky et al., 2018) . Four countries produce nearly 60% of the volume of European marine fish: Norway, Iceland, Denmark and the UK. These countries mainly depend on species such as herring with a high temperature sensitivity and a moderate to high BS (Figs. 2 a and S1a) such as herring. This species is the most fished species in Europe and 15 countries rely on it. It thrives in cold-water, especially in its adult phase, and has a narrow temperature range of 3 °C (8° -11 °C), which drives the high sensitivity to warming of northern countries (Figs. 2a and S1) . If the fast-paced warming observed in the northeast Atlantic continues and some herring stocks retreat further north, they may not be exploitable even by the most northern countries of Europe (Rose, 2005) . The seafood production volume in the Nordic countries, although presently benefiting from cooler temperatures, is likely to be more vulnerable to warming than countries in the south, due to stocks northwards displacement and socio-economic challenges (Niiranen et al., 2017) . Southern countries, although losing the "cold water species", mainly rely on "warm water" species and therefore may be more resilient to warming (Figs. 1a and 2a; Table S1 ). These countries may also benefit from the influx of tropical species that could reproduce and become a stable resource, such as Sardinella aurita along the Spanish coast (Lejeusne et al., 2010) .
Marine aquaculture
Marine aquaculture represents nearly 18% of the European seafood production volume, accounts for EUR 4 billion and is the main industry in many European regions (EUMOFA, 2016) . Marine aquaculture, comprising invertebrates and fish in almost equal amounts, relies on coastal habitats (Callaway et al., 2012; Bostock et al., 2016) . Only five species account for 90% of the production with the most important species being the Mediterranean (Mytilus galloprovincialis) and blue (Mytilus edulis) mussels and Atlantic salmon (Salmo salar). Mussels,especially Mediterranean mussels, have a high Tmax and intermediate temperature range that translates to low sensitivity to temperature changes. On the other hand, Atlantic salmon are more sensitive to warming with a low Tmax and an intermediate temperature range. The growth rate in Atlantic salmon depends on sea temperature and is highest at cool temperatures<13 °C (Thyholdt, 2014) . Therefore, an increase in temperature will affect salmon farms at a regional scale with positive influence on growth in northern regions and a negative influence in southern regions as already experienced in Norway (Jonsson and Jonsson, 2009; Thyholdt, 2014) . Furthermore, salmon has a higher BS (> 0.5) compared to sea mussels (< 0.35) due to very different life history trait characteristics, especially the generation time. There is a clear separation between the vulnerability of European countries' seafood production volume from north to south due to the characteristics of the main species exploited (Fig. 2b ). Nordic countries, responsible for large volumes of salmonids, are more vulnerable to warming owing to the temperature sensitivity of their species and the low species diversity of their aquaculture sector (Figs. 2b and S1b). Mediterranean countries, on the other hand, harvest a large volume of sea mussels and temperate fish species such as the gilthead sea bream (Sparus aureatus) or European seabass (Dicentrarchus labrax). These show a high tolerance to warming (up to 28 °C) (Requena et al., 1997) and a moderate BS which makes these species interesting for further exploitation in Europe. Gilthead sea bream and seabass are already important in several southern European countries e.g. Greece where they represent over 80% of the aquaculture production rendering this country less vulnerable to warming than others.
Figure 1: Bubble plot of the biological sensitivity index versus the temperature range for each of the species that represent 90% of the European production (in volume) for a) marine fisheries, b) marine aquaculture and c) freshwater production. The size of the bubble relates to the total volume (in 1000 t/year) produced for a particular species within a sector. The whiskers encompass the temperature range (Tmin and Tmax) for each species. For the larger bubbles, these whiskers can be hidden. Note that the size scale among the three production sectors is not the same due to large numerical differences.
Freshwater production
The freshwater sector, including wild captures and aquaculture, relies exclusively on fish and represents less than 3% of the total European seafood production volume. Aquaculture accounts for most of the production volume while wild captures are mainly taken in recreational fisheries. Rainbow trout (Oncorhynchus mykiss) and the common carp (Cyprinus carpio) represent 60% of the total production volume. These two species have very different temperature sensitivity (Fig. 1) . The rainbow trout is stenothermal and thrives at low temperatures (Ebersole et al., 2001) while the common carp is eurythermal and tolerates high temperatures (Ficke et al., 2007) . This high temperature tolerance is beneficial under warming conditions as wild freshwater ecosystems are usually closed, which prevents fish from moving to cooler waters (Ficke et al., 2007) . However, temperature is not the sole driver of productivity in freshwater systems as several environmental factors act in synergy, e.g. dissolved oxygen levels and stratification of water masses (Ficke et al., 2007) . Acclimated salmonids cultured in freshwater, although thriving at cold temperatures, can tolerate and even benefit from warming, within limits, as long as dissolved oxygen levels are sufficient (Anttila et al., 2015) . Freshwater species produced in European aquaculture have an intrinsically high BS ranging from 0.5 to over 0.8 mainly due to a long-life span and a high age at sexual maturity ( Fig. 1 ) (Morato et al., 2006 ). Yet, the rainbow trout and the common carp have moderate BS, which enhances their use in aquaculture (Fig. 1) . Vulnerability of the seafood production volume in each European country reflects the sensitivity to warming of the main species produced. For example, Hungary and the Czech Republic show a low vulnerability to warming because most of their production is based on common carp (Figs. 2c and S1c). Nordic countries show a higher vulnerability because most of their production is based on cold-water salmonids. Production in freshwater systems representsan increasingly important protein resource with a large growth potential especially for landlocked countries such as Hungary and Czech Republic. Emerging eurythermal species e.g. the North African catfish (Clarias gariepinus) with a high temperature tolerance and a low BS represent an exploitation opportunity for these countries. Note that the scale of the y-axis and the bubble size differ between panels (a, b and c) to help readability.
Risks and opportunities across sectors
The vulnerability to warming of the European seafood production depends on the sensitivity to temperature and the BS of each species exploited in each country. The seafood production volume per country is generally more vulnerable within the marine fisheries and aquaculture sectors, while the vulnerability in the freshwater sector varies a lot among the countries (Figs. 2 and S1 ). In the marine system (fisheries and aquaculture sectors) the vulnerability of European countries' seafood production is distributed along a south-north temperature sensitivity axis with the production volume of northern countries being more sensitive to warming than southern countries' (Figure S1a, b) . The seafood production volume of countries in northern Europe is dependent on cold-water marine species with high BS and is therefore more vulnerable to warming, while countries in the south rely on warm water species with a lower BS. Changes in species distribution are the main challenge for marine fisheries and their management (ICES, 2016; Pinsky et al., 2018) . Increasing temperature is leading to a general poleward shift of species changing the fishing opportunities and the composition, abundance, and availability of fished species (ICES, 2016) . However, redistribution of stocks may create new opportunities if countries are able to adapt to changes and if well-functioning management plans are in place (Lam et al., 2014; Niiranen et al., 2017) . This implies societal and economic adaptations as well as new governance, ensuring sound management of the new resource to ensure sustainable exploitation. For example, bluefin tuna (Thunnus thynnus) is nowadays fished for longer periods in the Mediterranean due to climate-induced behavioural changes (Lejeusne et al., 2010) and is tightly linked to warming-sensitive oceanographic features (Alvarez-Berastegui et al., 2016) . However, potential mismatch between the local abundance, the quotas allowed by the Common Fisheries Policy and the landing/processing facilities need to be addressed at a regional level to ensure that species are appropriately exploited based on assessments of integrated ecological and economic data (Baudron and Fernandes, 2015; Pinksy et al., 2018) . The south-north temperature sensitivity axis observed in the marine sectors is not present in the freshwater sector due to the production being based on two main species. Rainbow trout production may be significantly at risk from warming, especially in southern European countries. It is indeed predicted that aquaculture in temperate zones will be significantly at risk from warming conditions, if the ambient temperatures exceed the range of the currently cultured species (Cochrane et al., 2009) . Rising temperatures might in addition reduce the level of dissolved oxygen, increase metabolic costs for fish and cause higher mortality rates and lower growth rate (FAO, 2009; Kroeker et al., 2013) . For marine aquaculture, this situation is already a challenge for the Norwegian salmonids culture (Jonsson and Jonsson, 2009 ). The impact of diseases is likely to increase due to warming ifpathogens spread to regions previously too cold for them (Cochrane et al., 2009; Lafferty et al., 2015 , Costello, 2006 . In addition, aquaculture traditionally relies on piscivorous fish depending on fish meal and fish oil. This presents a substantial challenge as the availability of such feed relies on the productivity of small pelagic fisheries (such as sardines and anchovy) that are highly influenced by warming (Blanchard, 2017 , Merino et al., 2012 . The fewer species the country relies on, the lower its potential adaptive capacity and hence the higher its vulnerability to warming or any stochastic event such as disease outbreak. The low species diversity in aquaculture makes this sector extra vulnerable when exposed to rising temperatures. For example, in Hungary 95% of the production is based on common carp. In Europe most countries exploit the same few species, so the aquaculture sector is vulnerable. For example, the rainbow trout, which is exploited by 23 European countries, has a very narrow optimal range of temperature and is thus sensitive to warming especially in southern European countries. Yet there is a great potential for an increased production volume in the aquaculture sector that may represent significant opportunities at the European level. Aquaculture is even expected to relieve the fishing pressure on wild fish stocks (Mente and Smaal, 2016; Lafferty et al., 2015; Turchini and De Silva, 2008; Diana, 2009) , especially if the sector manages to tackle its main challenges. Future production should focus on low trophic level species not dependent on fish meal and thermophile species with a low sensitivity to warming. In Hungary, emerging thermophile species such as the North African catfish (Clarias gariepinus) benefiting from an increase in temperature, could open new profitable production channels (Bostock et al., 2016) . Landlocked countries such as the Czech Republic and Hungary are investing in multi-functional ponds to diversify and increase their production based on temperature and anoxia tolerant species (Bekefi and Varadi, 2007; Turchini and De Silva, 2008) . Attention should also be paid to the technical solutions of the production systems, as freshwater aquaculture is traditionally water-intensive and changes in weather patterns through floods or droughts may affect production and its costs (Anyanwu et al., 2014; Ficke et al., 2007) .
Towards adaptation to climate warming in seafood production
According to the IPCC, climate adaptation is "an adjustment in the natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harms or exploits beneficial opportunities associated with climate change" (IPCC, 2007) . In this respect, the European Union strategy on adaptation to climate change aims at making Europe more climate-resilient as stated in the plan adopted by European countries in April 2013 (https://ec.europa.eu/clima/sites/clima/files/docs/eu_strategy_en.pdf) (Dewulf et al., 2015) . Similarly, the new Common Fisheries Policy specifically aims at making fisheries and aquaculture environmentally, economically and socially sustainable (European Commission, 2016) . Twenty-three countries have already adopted national climate adaptation strategies, and another eight are reported to be currently developing them. National action plans are adopted or currently under development in most European countries and all countries have on-going research programs into climate change and warming (Biesbroek et al., 2010) . Some countries e.g. Germany, the UK and Finland, have taken the lead (Tompkins et al.,2010; Juhola and Westerhoff, 2011) and developed most of the subtasks (Biesbroek et al., 2010) . However, these climate adaption ambitions are challenged by the uncertainty intrinsic in climate change science, by the lack of coordinated efforts in climate adaptation strategies among European countries, and by the non-inclusion of certain sectors in these strategies. For instance, fisheries and/or aquaculture are not always included in national action plans and some countries (e.g. Norway) have not yet implemented these plans. The impact of warming in Europe is region-dependent and goes beyond national borders. It is therefore essential that a coordinated effort across countries aims at identifying changes in seafood production on the regional level transcending national borders. Trans-national regions, defined by the European Union to promote better cooperation and tackle common issues, may serve as a base in order to increase the efficiency of climate adaptations strategies. In the aquaculture and freshwater sectors, management by member states may be sufficient, but in the marine fisheries sector, the regional conventions and the recently established regional groups in the Common Fisheries Policy (Coers et al., 2012) may play a central role in climate adaptation.
Future directions and recommendations
A sustainable increase in seafood production under climate warming warrants not only a substantial effort for the adaptive management of fish stocks and the development of responsible fish farming, but also for global strategies aimed at climate adaptation (Blanchard et al., 2017; Pinsky et al., 2018) . These actions also need to be taken in Europe and should be harmonized and integrated at the regional level across European nations.
We recommend:
• To promote close dialogue between stakeholders and scientists in understanding adaptability of farmed and fished aquatic species.
• To prepare for reduced landings of the currently most important marine species.
• To diversify the exploited species across all sectors, by introducing new value chains.
• To explore the growth potential in the aquaculture sector, aiming for sustainable farming by implementing innovative techniques and resilient species such as eurythermal and anoxia tolerant species.
• To include fisheries and aquaculture in climate adaptation strategies and action plans in all European countries as soon as possible.
• To review and assess periodically these action plans to ensure their efficiency.
• To ensure transnational cooperation.
All of these goals will be attained by ensuring the active participation of stakeholders in decision-making processes, in the creation of new and viable markets and in the development of long-lasting coordination mechanisms. Figure S1 : Weighted average temperature range (first column), weighted average maximum temperature Tmax (second column) and weighted average biological sensitivity (third column) for each country based on the species representing 90% of the European production (in volume) between 2004 and 2014 across three production sectors (a) marine fisheries, (b) marine aquaculture, and (c) freshwater production. Darker hues indicate narrower temperature ranges (first column), higher Tmax (second column) or higher biological sensitivity index (third column). Note that the scale is different for each production sector in order to keep the maps readable due to large numerical differences across sectors. 
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